Serum-free ex vivo expansion of CD34(+) hematopoietic progenitor cells.
In an effort to obtain defined culture conditions for ex vivo expansion of hematopoietic stem and progenitor cells which avoid the supplementation of serum, we cultured human CD34(+) hematopoietic progenitor cells in a chemically defined, serum-free medium in the presence of hematopoietic growth factors (HGFs), stem cell factor (SCF), interleukin (IL)-1beta, IL-3, IL-6, and erythropoietin (EPO). A medium, SFM-1, was prepared according to a protocol previously optimized for semisolid progenitor cell assays containing Iscove's Modified Dulbecco's Medium (IMDM) plus cholesterol, bovine serum albumin, transferrin, nucleotides and nucleosides, insulin, and beta-mercaptoethanol. In static cultures seeded with CD34(+)-enriched progenitor cells isolated from human peripheral blood, a mean 76.6-fold expansion of total nucleated cells and a mean 4.6-fold expansion of colony-forming cells (CFC) was recorded after 14 days. Morphological analysis of the expanded cells revealed formation of myeloid, erythroid, and megakaryocytic cells. Flow cytometric analysis indicated that CD34(+) antigen expressing cells were maintained to a limited degree only, and cell populations expressing surface markers for myeloid (CD33, CD14, and CD15) and megakaryocytic (CD41a) lineages predominated. Within SFM-1, bovine serum albumin (BSA), cholesterin, and transferrin represented the most critical components needed for efficient total cell and CFC expansion. Addition of autologous patient plasma (APP) or fetal calf serum (FCS) to SFM-1 resulted in inferior cell amplification and CFC formation compared to controls in SFM-1, indicating that the components used in SFM-1 could replace exogenous serum. Four commercially available serum-free media resulted in either comparable or lower total cell and CFC yields as SFM-1. The transplantation potential of CD34(+) cells after culture in SFM-1 was assayed using limiting dilution analysis on preformed irradiated bone marrow stroma and revealed maintenance of long-term bone marrow culture initiating cell (LTCIC) levels during the culture period. These data indicate that HGF-supported multilineage ex vivo expansion of human CD34(+) hematopoietic progenitor cells is feasible using an IMDM-based culture medium which contains a restricted number of additives, resulting in analogous or improved yields of both primitive and differentiated cells compared to previously established protocols. We suggest that this culture protocol is of advantage when working with pharmaceutical-grade preparations under serum-free conditions.